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Abstract 

Structural stability is essential in buildings, bridges, towers, and other infrastructures that can resist forces like gravity, 

wind, and earthquakes. While traditional methods like Euler’s Buckling Formula, the Factor of Safety (FoS), and 

Static Equilibrium are helpful, but each have limitations. These methods can be complex, are specific to certain 

structures, or don’t account for dynamic forces like wind or earthquakes. 

In this paper, I present a new, simplified equation for evaluating structural stability. The equation focuses on four 

easy-to-understand parameters: length (L), area of support (A), distance to the centre of gravity (η), external 

forces (F), Thermal factor (α) and Degrading factor (D). This approach provides a more practical and accessible 

way to understand stability for a wide range of structures in real-world conditions. 

Keywords: Structural Stability, Engineering Mechanics, Buckling, Factor of Safety, Dynamic Load, Tipping Moment, 

Material Degradation, Thermal Expansion, Dynamic Forces, Finite Element Analysis 

1. Introduction 

“In engineering, stability means a structure’s ability to resist failure when subjected to forces like gravity, wind, and 

other external loads”. Failure could be in the form of tipping, sliding, or buckling. Stability is important for the safety 

of structures such as buildings, bridges, and towers. 

However, traditional methods ( Lopez 2019 ) used to assess stability have limitations: 

 

● Euler’s Buckling Formula is limited to slender columns and doesn’t apply to other structures like 

beams or complex buildings. 

● The Factor of Safety (FoS) helps ensure strength but doesn’t directly measure stability or consider factors 

like tipping or sliding. 

● Static Equilibrium checks if forces balance under static conditions but doesn’t account for the effects of 

dynamic loads like wind or earthquakes. 

This paper introduces a new stability equation that is simpler and can be applied to different types of structures. This 

equation aims to improve stability assessments by addressing the gaps in traditional methods. 

2. Limitations of Existing Methods 

2.1 Euler’s Buckling Formula 

Euler’s formula ( Euler 1759 ) is commonly used to determine the critical load ( Anderson, Gupta, and Kim 2017 ) at 

which a slender column will buckle under compression: 

𝑝 

𝑐𝑟
  

2 

 

2 

(𝐾𝐿) 
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Where: 

 

𝑝 the load at which the column buckles.𝑐𝑟 

● E is the material’s stiffness (Young’s Modulus). 

● I is the column’s moment of inertia. 

● K is a constant based on the column’s boundary conditions. 

● L is the length of the column. 

 

While Euler's formula (Euler, 1759; Lopez, 2019) is effective for columns, it has significant 

limitations: 

 

● It is specific to columns, and doesn’t apply to beams, frames, or more complex structures. 

● It assumes ideal conditions (e.g., uniform materials and perfect boundary conditions), which are rare in real-

world applications. 

● It doesn’t account for dynamic forces, such as wind or earthquakes, ( Harris 2021 ) which can destabilise a 

structure. 

2.2 Factor of Safety (FoS) 

 

The Factor of Safety (FoS) is the ratio of the maximum load a structure can carry to the design load: 

 

 

 

 𝑈𝑙𝑡𝑖𝑚𝑎𝑡𝑒 𝐿𝑜𝑎𝑑  

𝐷𝑒𝑠𝑖𝑔𝑛 𝐿𝑜𝑎𝑑 

 

While the FoS is important for ensuring that a structure doesn’t fail, it has its limitations: 

 

● It doesn’t directly measure stability. It only helps to ensure that the structure can carry the required load 

before failure. 

● It doesn’t account for how the geometry of the structure (like base area and centre of gravity) affects its 

stability. 

● The FoS also ignores dynamic loads (like wind or earthquakes), which can cause structural instability. 

2.3 Static Equilibrium 

 

Static Equilibrium ensures that the forces and moments acting on a structure balance out. The basic equations of 

equilibrium are: 

∑𝐹 = 0 ∑𝐹 = 0 ∑M=0 

𝑥 𝑦 

 

These equations ensure that the horizontal and vertical forces cancel each other out, and that the structure doesn’t rotate. 

While useful, Static Equilibrium has its own limitations: 

● It doesn’t address tipping or sliding. 

● It doesn’t account for dynamic forces. 

 

 

𝐹𝑜𝑆 = 
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3. Derivation of the New Stability Equation 

The new stability equation is based on four key factors: 

 

1. Length of the structure (L): Longer structures are harder to tip over. 

2. Area of support (A): A wider base or larger support area helps prevent tipping or sliding. 

3. Center of gravity (η): The higher the centre of gravity, the easier it is for the structure to tip. 

4. External forces (F): Forces like wind or earthquakes that try to destabilise the structure. 

 

Step 1: Tipping Moment 

 

“When an external force F acts on a structure, it creates a tipping moment that tries to rotate the 

structure”. The tipping moment𝑀 is calculated as:𝑡𝑖𝑝 

 

𝑀 = F ⋅ η 

𝑡𝑖𝑝 

 

Where: 

 

● F is the external force (e.g., wind or earthquake). 

● η is the distance to the centre of gravity. 

 

Step 2: Resisting Moment 

 

“The resisting moment is the moment that works against tipping, created by the structure’s geometry (length and 

support area)”. ( Doe 2020 ) It is calculated as:𝑀 

𝑟𝑒𝑠𝑖𝑠𝑡 𝐿 . 𝐴  2 

 

Where: 

 

● L is the length of the structure. 

● A is the area of support (like the base of the structure). 

 

Step 3: Stability Condition 

 

For stability of structure, the resisting moment must be greater than or equal to the tipping moment. So, we set up the 

condition for stability: 

𝑀 ≥  𝑀 

𝑟𝑒𝑠𝑖𝑠𝑡 𝑡𝑖𝑝 

 

Substituting the formulas for each moment: 

 

 𝐿 . 𝐴  
≥ 

2 

 

 

F ⋅ η

= 
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2𝑔 . η 

𝑠 

𝑚 

 

Solving for F,(the maximum force the structure can withstand before tipping occurs is): 

 

F ≤ 
 𝐿 . 𝐴  

2 . η 

 

Step 4: Generalising the Equation. 

 

To consider the weight of the structure and dynamic forces, we add the gravitational constant (g) to the equation, 

which accounts for the weight of the structure: 

 

𝑆𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =  𝐿 . 𝐴  + 𝐹 

 

Where: 

 

● g = 9.81 m/ 
2 

is the acceleration due to gravity. 

 

This equation is simple, effective, and can be applied to a wide variety of structures, whether they are columns, beams, 

or large buildings. 

 

4. Why the New Equation is Better: 

4.1 Universal Applicability 

 

Unlike Euler’s formula, which is limited to slender columns, or the Factor of Safety (FoS), which doesn’t directly 

measure tipping or sliding, this new equation works for all types of structures. It’s not just for columns; it can be 

applied to beams, towers, and complex buildings, making it a universal solution for structural stability. 

4.2 Simplicity and Practicality 

 

The new equation is easy to use. You only need to know four basic things: the length, the area of support, the centre of 

gravity, and the external forces acting on the structure. There are no complicated calculations, and it doesn't rely on 

ideal conditions. 

4.3 Dynamic Load Consideration 

 

The new equation accounts for dynamic forces, like wind and earthquakes, which are often overlooked by traditional 

methods such as Static Equilibrium or Euler’s formula. 

5. Case Studies and Examples 

Case Study 1: Simple Beam 

 

Let’s look at a simple beam with the following properties: 

 

Length L = 6m 

 

Area of support A = 2 
2 

Center of gravity η = 
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(2)(9.8)(1.5) 

𝑚 

(2)(9.8)(12) 

1.5 m External force F = 1500 N 

Using the new stability equation: 

 

𝑆𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =  (6)(2)  + 1500 ≈ 0. 56 

 

This result indicates that the structure is stable under the applied force. 

 

Case Study 2: Tall Tower Under Wind Load 

 

For a tall tower with: 

 

Height L = 30m 

 

Area of support A = 10 
2 

Center of gravity 

η = 12 m External force F = 5000 N 

Using the new stability equation: 

 

𝑆𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =   (30)(10)  + 5000 ≈ 0. 18 

 

This indicates that the tower is at risk of instability and might require additional support to ensure stability under wind 

load. 

6. Application Of Equation In Practical Use: 

In the real world, structures are made of materials that age, degrade, and change over time. These changes can affect 

how strong and stable the structure is. For example, metals can rust, concrete can crack, and wood can rot. Also, changes 

in temperature can cause materials to expand or shrink. To account for these effects, we’ll add some factors to the 

equation. ( Brown and Gupta 2022 ) 

Material Degradation (Factor D) 

 

Over time, materials naturally lose their strength due to factors like: 

● Corrosion: When metals (like steel) are exposed to moisture, they can rust and become weaker. 

● Fatigue: When materials are repeatedly loaded and unloaded (e.g., a bridge experiencing traffic over many 

years), their ability to carry weight can decrease. 

● Wear and Tear: Over time, repeated use can wear down materials, making them weaker and more likely to 

fail. 

To take these into account, we introduce a material degradation factor (D), which represents how much a material has 

degraded. If a material has degraded by 20%, then the factor D = 20D. This factor reduces the strength of the structure 

by 20%, reflecting how the material's ability to bear weight has been compromised over time. 

So, we modify the equation for stability like this: 

𝑆𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =  𝐿 . 𝐴  + 𝐹 × ( 1 −  𝐷 ) 

2𝑔 . η 100 

 

Where: 

● L is the length of the structure (e.g., the height of a column or length of a beam). 

● A is the area of support (like the size of the foundation or base of the structure). 
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100 

(100𝑚)(50𝑚 )   
+ 5000𝑁 

100 1 − = 
100 

● gis the gravitational constant (the force of gravity). 

● η is the centre of gravity (how high the weight is in relation to the base). 

● F is the external force (like the weight or force applied to the structure). 

● D is the material degradation factor (the percentage loss of strength). 

 

The term ( 1 −  𝐷 ) reduces the strength of the structure depending on how much the material has 

degraded. If the material is fully degraded (i.e., D = 100D ), the stability of the structure is reduced to zero. 

7. Real World Example: 

Bridge Design Parameters 

 

For this example, consider the following parameters for the bridge: 

 

● Length of the bridge (L): 100 metres 

● Area of support (A): 50 square metres 

● Center of gravity (η): 5 metres above the ground (this could be the height of the bridge deck) 

● External wind force (F): 5000 N (newtons), representing a strong gust of wind acting on the bridge. 

● Gravitational constant (g): 9.8 m/s² (acceleration due to gravity) 

● Material degradation factor (D): 10% (indicating that the material has degraded slightly over time due to 

corrosion or other environmental factors) 

Step-by-Step Calculation 

Now, using the enhanced stability equation (without the dynamic load factor): 

 

𝑆𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =  𝐿 . 𝐴  + 𝐹 × ( 1 −  𝐷 ) 

2𝑔 . η 100 

Calculate stability: 

 𝐿 . 𝐴  2𝑔 . η 

  
2 

 

2 

(2)(9.8𝑚/𝑠 )(5𝑚) 

 

 5000  + 5000  =  5000   ≈  0. 980 

98.1 5098.1 

 

Calculating degrading factor: 

 

The material degradation factor D reduces the stability by ( 1 −  𝐷  ) For a degradation of 10%: 𝐷  1001 −  10  = 

0.90 

 

So, the adjusted stability factor becomes: 

 

0.980 × 0.90 = 0.8820 

 

+ 𝐹 = 
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0 

Stability Factor < 1.0 

 

8. Interpretation of the Results: 

The calculated stability value for the bridge is 0.882. This means that the structure's stability is reduced by the effects 

of material degradation (in this case, 10%). 

While this value is lower than the original, it still gives an indication of how the material degradation affects the 

stability. In a real-world scenario, engineers would compare this stability value with the safety threshold of the 

structure. If the stability value is above this threshold, the bridge can be considered stable. If it is below the threshold, 

further reinforcement or maintenance might be required. 

 

8. Thermal Expansion (Factor α) 

Another factor that affects structures is temperature. When the temperature changes, materials can expand (get 

bigger) or contract (get smaller). For example, metal beams can stretch when heated in summer and shrink when 

cooled in winter. 

To account for this, we use a thermal expansion coefficient (α), which tells us how much a material changes in size for 

every degree of temperature change. The equation for thermal expansion is: 

ΔL=𝐿
0 
⋅ α ⋅ ΔT 

Modify our equation w.r.t thermal factor𝑆𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =  𝐿 . 𝐴  + 𝐹 × ( 1 −  𝐷 ). [(1+ (α) (ΔT)]2𝑔 . η 100 

Where: 

● ΔL is the change in length of the structure due to temperature change. 

● 𝐿 is the original length of the structure. 

0 

● α is the thermal expansion coefficient of the material. 

● ΔT is the change in temperature. 

 

Real world example 

Problem Data 

 

Consider a steel beam with the following properties: 

 

● Length of the beam (L) = 10 metres 

● Area of support (A) = 2 square metres 

● Center of gravity distance (η) = 2 metres 

● External force (F) = 5000 N (Newton) 

● Gravitational acceleration (g) = 9.81 m/s² 

● Thermal expansion coefficient (α) = 12×1 
−6 

per °C (typical value for steel) 

● Temperature change (ΔT) = 30°C (for example, the temperature increases from 20°C to 50°C) 

The goal is to calculate how the thermal expansion of the beam affects its stability. 

 

Step 1: Basic Stability Equation (Without Thermal Expansion) 
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2𝑔 . η 

0 

2𝑔 . η 

0 

 

Before adding the thermal expansion factor, let's first calculate the stability of the beam using the original formula: 

 

𝑆𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =  𝐿 . 𝐴  + 𝐹 

 

𝑆𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦  (10)(2)  + 5000𝑁 =  20  ≈ 0. 00397 

(2)(9.8)(2) 5039.24 

 

This is the basic stability value without considering thermal effects. Step 2: Adding the 

Thermal Expansion Factor 

Now, we need to account for the thermal expansion of the steel beam. The length of the steel beam will change due to 

the increase in temperature. 

Use the formula for thermal expansion: 

ΔL = 𝐿 ⋅ α ⋅ ΔT 

0 

 

ΔL = 10 . (12×1 
−6

) . 30 

ΔL = 0.0036m = 0.36mm 

So, the length of the beam increases by 3.6 mm due to the 30°C increase in temperature. 

 

Now, we can adjust the stability equation to include the thermal factor. The modified equation is: 

 

𝑆𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =  ( 𝐿+ Δ𝐿 ) . 𝐴  + 𝐹 

 

Substitute the adjusted length L+ΔL = 10 + 0.0036 = 10.0036 metres. 

 

𝑆𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦  = 
 ( 10.0036 ) . 2  

+ 5000 = 
 20.0072  

 

≈ 0. 00397 

2(9.8 ) . 2 5039.24 

 

Step 3: Comparison of Results 

 

In this case, after accounting for the thermal expansion, the stability value is nearly the same as the one without 

considering temperature effects. This is because the thermal expansion in this example is relatively small (just 3.6 

mm), so the overall effect on stability is minimal. 

However, if the temperature change were much larger (say 100°C instead of 30°C), the thermal expansion would have a 

more significant impact. For example: 

ΔL = 10 . (12×1 
−6

) . 100 

 

ΔL = (10)(0.000012)(100) = 0.012m = 12mm 

 

This would increase the beam length by 12 mm, potentially affecting stability more noticeably. 
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Conclusion of the Example 

● Without Thermal Expansion: The stability was calculated as approximately 0.00397. 

● With Thermal Expansion (30°C): The stability value remains approximately 0.00397, indicating that the 

temperature increase (30°C) had a negligible effect on the overall stability in this case. 

However, if the temperature increase were higher (e.g., 100°C), the thermal expansion would cause a more noticeable 

change in the beam's dimensions, and the stability could potentially decrease. 

This example shows that while thermal expansion may not always have a significant impact on stability for small 

temperature changes, it’s crucial to account for it in cases of large temperature variations, as it can affect the 

geometrical integrity of the structure and, ultimately, its stability. 

 

9. Conclusion: 

The original stability equation provided a basic way to measure how stable a structure is under certain conditions. 

However, by expanding the equation to account for material degradation, thermal expansion, and dynamic forces, 

we now have a more comprehensive tool (Brown & Gupta, 2022) for evaluating the real-world stability of structures. 

This enhanced equation is especially useful for engineers working on long-term projects to dynamic conditions like 

extreme weather or earthquakes. 

This approach helps ensure that we’re not only thinking about a structure’s stability at the moment it’s built, but also 

over the course of its life as it is affected by various real-world factors. 
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